Abstract Varicose veins have a high recurrence rate following surgery. Besides poor surgical technique, majority of these recurrences are attributable to neovascularization after both primary and repeat surgery. Authors have studied the effectiveness of a polytetrafluoroethylene (PTFE) patch interposition between the ligated vein stump and the overlying soft tissue at saphenofemoral junction in decreasing recurrence of varicose veins after initial surgery. Study was conducted on 50 patients of varicose veins with saphenofemoral junction incompetence. Patients were randomly divided into two groups, group A and group B alternately. In group A, standard surgical procedure was done followed by PTFE patch application. In group B, same surgical procedure was applied as in group A, with the exception of PTFE patch application. Patients in both groups were given similar postoperative care. A full venous duplex ultrasound assessment was performed in all the patients postoperatively. Neovascularization was observed in five patients (20 %) of group B, while it was not seen in any of the patients in group A at 1-year follow-up. This difference in neovascularization across the two groups was found to be statistically significant with a p value of 0.0251. Hence, authors concluded that patch saphenoplasty helps in reducing recurrence in varicose veins by decreasing neovascularization at saphenofemoral junction.
Introduction
Varicose vein is a common problem and affects at least 10 % of the general population [1] . Surgery has been the time-honored and gold standard treatment for varicose veins but recurrent varices after surgery (REVAS) are a common, complex, and costly problem both for the patients and the physicians who treat venous diseases. Recurrence following surgery for varicose veins remains unacceptably high with estimated rates as high as 40 % in 5 years [2] . The recurrence rate is much higher with a longer follow-up, with a study by Fischer et al. documenting a recurrence rate as high as 77 % with a 34-year follow-up [3] . It is estimated that in UK, out of the total surgeries performed for varicose veins, 20 % are for recurrent disease and technically, it is more demanding [4] [5] [6] .
It has been found that besides poor surgical technique, majority of these recurrences are attributable to neovascularization, after both primary and repeat surgery [7] [8] [9] [10] [11] [12] . This postoperative neovascularization at the level of the groin can readily be detected with duplex scanning [11, 13] . Thus prevention or inhibition of this angiogenesis would be a major breakthrough in reducing the rate of recurrences. Several studies have suggested that physical inhibition of angiogenesis at the ligated saphenofemoral junction (SFJ) may be effective. Introduction of a physical barrier across the site of angiogenic focus will prevent new vessels crossing back and reconnecting the venous system. Various authors have claimed the effectiveness of barrier techniques in preventing neovascularization at SFJ [5, [14] [15] [16] .
Rij et al. have reported that recurrence is halved in patients in whom polytetrafluoroethylene (PTFE) patch was applied [17] . Hence, present study was planned to see whether PTFE patch is effective in decreasing neovascularization and recurrence of varicose veins after initial surgery.
Material and Methods

Study Design
The study was a prospective randomized study, single blinded at the level of ultrasonologist.
Inclusion Criteria Patients of primary varicose veins of either sex in the age group 20-60 years with saphenofemoral incompetence with clinical severity ranging from C2-C6 (according to CEAP classification) admitted in surgical ward for surgery at Pt. B.D. Sharma PGIMS, Rohtak were included in the study.
Study The study was conducted on 50 patients who gave informed consent to participate in the study. All patients were assessed preoperatively with a detailed history and clinical examination. Clinical severity of the disease in a given patient was assessed by standard clinical, etiologic, anatomic, and pathological (CEAP) classification.
Patients were randomly divided into two groups, group A and group B. In group A, standard surgical procedure (SFJ ligation with ligation of all the tributaries with stripping of great saphenous vein (GSV) in the thigh portion) was done followed by PTFE patch application. The PTFE patch (2 × 3 cm) was secured with a 3-0 Prolene round body needle suture at each corner to adjacent tissue to lie comfortably over the stump and the adjacent common femoral vein (Fig. 1) . In group B, same surgical procedure was applied as in group A, with the exception of PTFE patch application. Patients in both groups were given similar postoperative care including early mobilization and the use of elastic compression stockings 1 week after surgery.
The patients were assessed for evidence of neovascularization at follow-up with duplex ultrasonography.
The pattern of neovascularization at SFJ was classified as follows:
1. Single narrow channel (diameter ≤3 mm) 2. Single large channel (diameter >3 mm) 3. Multiple small channels Recurrence at the SFJ was recognized on duplex ultrasonography by the reappearance of reflux for >0.5 s at the site of previous surgery and then confirmed on a subsequent reassessment. Patients were also assessed clinically for recurrence and any complication at 1-year follow-up.
Follow-up
After surgery, all patients were followed up with clinical assessment and duplex imaging, at 3, 6, and 12 months postoperatively. The results so obtained were tabulated, analyzed statistically using Student t test and Fischer's test, and conclusions were drawn.
Observations
Two groups studied were comparable with respect to basic demographics and limb characteristics as shown in Table 1 . On clinical examination, during follow-up at 1 year, dilated/visible veins were found in one patient (4 %) in group A while six patients (24 %) in group B had prominent veins. This difference in visible veins at follow-up in two groups was found to be statistically significant (p value, 0.0491). Pain in the leg persisted in five (10 %) patients (one in group A, four in group B). Edema was found in three (6 %) patients (one in group A, two in group B). Pigmentation persisted in all the patients at follow-up of 1 year irrespective of the procedure done on them. There was no statistically significant difference in symptomatic relief in two groups, with respect to pain in the leg, edema, and ulcer healing. Neovascularization Neovascularization was not seen on ultrasonography in any of the patients in group A at 1-year follow-up. In group B, it was seen in five (20 %) patients (Table 2) . This difference in neovascularization across the two groups was found to be statistically significant with a p value of 0.0251. Out of the five patients in group B, showing neovascularization at ultrasonography, majority (three out of five, i.e., 60 %) had a single large dilated channel. Rest of the patients demonstrated multiple small dilated channels (Figs. 2 and 3) . Circumjunctional pattern was not seen in any of the patients in this study.
Correlation of Sex with Neovascularization
In patients presenting with neovascularization, there was a female predominance. Out of 5 patients of neovascularisation, 4 were females out of 10 female patients of Group B and one was male out of 15 male patients of Group B. This difference in neovascularization among the males and females was found to be statistically significant with a relative risk (RR) of 2.769 for females [p value, 0.0400; RR, −2.769].
Correlation of Preoperative Clinical Severity of Disease with Neovascularization
In group B, two patients out of seven (28.6 %) who had disease of severe variety (C4-C6) developed neovascularization, while only 3 patients out of 18 (16.7 %) had a milder form of disease presented with neovascularization. Thus, higher percentage of patients with severe variety (C4-C6) of varicose veins presented with neovascularization as compared to patients who had milder form of disease. However, this difference was not found to be statistically significant (p value, 0.4356).
Discussion
Neovascularization at the previously ligated SFJ stump is one of the major causes of recurrence following primary varicose veins surgery. Authors have studied the effectiveness of PTFE patch saphenoplasty in reducing neovascularization. In our study, 5 out of the 25 patients (20 %) in the group in which patch was not applied showed the presence of neovascularization on ultrasonography at 1-year follow-up while none of the 25 patients (0 %) in the PTFE patch group developed neovascularization. This difference in results was statistically significant (p value, 0.0251). Clinically prominent veins were seen in six patients in group B as compared to only one patient in group A at 1 year of follow-up. Several other researchers have shown the efficacy of barrier techniques in reducing neovascularization [14, 16, 17] .
Various authors have reported the efficacy of silicone patch interposition at SFJt in reducing neovascularization, but there is high incidence of deep vein thrombosis with the use of silicone implant [14, 18] . Rij et al. reported a highly significant decrease in n e o v a s c u l a r r e c u r r e n c e a t t h e S F J w h e n a polytetrafluoroethylene patch (PTFE patch, 3×3 cm) is interposed between the ligated vein stump and the overlying soft tissue. The 3-year recurrence was halved, from 46 % to just 23 % in patients in whom PTFE patch was applied. If only the more severe limbs in each group (baseline CEAP clinical grades 4 to 6) are compared, then the recurrence after the use of the patch was reduced by >60 % [17] . Creton in his study has also obtained remarkably good results with PTFE patch saphenoplasty [16] .
Several other anatomical barrier techniques are also described in the literature, like closing the cribriform fascia. After 1 year, duplex scan showed neovascularization in 15 of 223 limbs (6.7 %). The results were found to be comparable to the group of 191 limbs with silicone patch saphenoplasty and were superior to the group of 189 limbs without barrier [19] .
Duplex Pattern of Neovascularization at SFJ
In the present study, out of the five patients who showed neovascularization on ultrasonography, a single dilated large channel (>3 mm) was seen in three patients (60 %) and two patients (40 %) demonstrated multiple small dilated channels. Circumjunctional pattern of neovascularization was not seen in any of the patients in this study. The study of Fischer et al., with a long follow-up of 34 years, reported single large dilated channel as the commonest pattern of neovascularization followed by multiple small dilated channels and circumjunctional connections [3] . Jones et al. reported multiple small dilated channels in the majority of patients during follow-up on ultrasonography, followed by the pattern of single large dilated channel, but single large dilated channel was the commonest pattern in patients presenting with clinically significant recurrence at SFJ [11] . Stücker et al. reported single-channel recurrence in 69 % and multichannel recurrence in 31 % of patients [20] . Rij et al. reported single large channel in 38 % of the limbs and multiple dilated channels in 62 % of the limbs [21] .
Correlation of Sex of the Patient with Neovascularization
In patients presenting with neovascularization, there was a female predominance in the present study. Out of 17 female patients, 4 developed neovascularization, while only 1 male patient out of 33 male patients had evidence of neovascularization. Thus, higher percentage (23.53 %) of female patients developed neovascularization compared to their male counterparts (3.03 %). This difference in neovascularization among the sexes was found to be statistically significant with a RR of 2.769 for females (p value, 0.0400; RR, −2.769). In the literature of a seven-series compilation of patients, who presented with a reflux after a previous surgical procedure, females accounted for 505 of 722 patients, with a male to female ratio of 1:2.4 [3] . The reason for this gender bias has not been conclusively proved in the studies, possible mechanism may be some hormonal difference across the two genders. 
Correlation of Preoperative Clinical Severity of Disease with Neovascularization
In the present study, a higher percentage (28.6 %) of patients with severe variety (C4-C6) of varicose veins presented with neovascularization compared to 16.7 % of patients who had milder form of disease. However, this difference was not found to be statistically significant (p value, 0.4356).
The CEAP classes 4-6 seem to be associated with higher levels of growth factors and leukokines that might facilitate the development of recurrent reflux. Pappas and colleagues found increased levels of neovascularity stimulating, transforming growth factor-β1 in punch biopsies of lower calf skin from CEAP classes 4, 5, and 6 patients, compared to skin biopsies from healthy individuals [22] . Takase and coworkers have shown that plasma from CEAP classes 4, 5, and 6 patients has markedly more granulocyte-activating activity than does plasma from CEAP classes 1 and 2 patients [23] .
No complication was seen in either of the two groups in the present study. Deep vein thrombosis, wound infection, lymphocele, and lymphoedema have been reported following silicone patch application [24] . No such untoward events have been reported in studies in which PTFE patch was used instead of silicone patch [15] [16] [17] .
Minimally invasive treatments including endovenous thermal ablation and ultrasound guided foam sclerotherapy are becoming increasingly popular in the treatment of varicose veins [25] . Despite apparent reduction in neovascularization and excellent occulusion rates, randomized clinical trials comparing EVLA and stripping have failed to show a significant advantage of laser at 2 years in terms of recurrence and quality of life outcomes and long-term follow-up data is awaited [26, 27] . Several factors like tactical and technical errors, disease progression, and neovascularization have been supposed to be contributing factors for recurrence [28] . Out of these factors, neovascularization can be minimized by PTFE patch saphenoplasty which is a safe procedure to prevent neovascularization in patients undergoing open surgery which is still one of the most commonly done interventions in varicose veins. The minimally invasive thermoablation procedures have been reported to reduce hospital stay and enable the patient to return to work early but are not available at all places, and cost of disposables may not be affordable for all the patients and may be associated with complications like paresthesia, failure of the procedure, and recanalization [29, 30] . Hence, if open surgery is to be done for the above reasons of cost or non-availability of minimally invasive procedures, then patch saphenoplasty may be done in open surgery to minimize the neovascularization and recurrence.
